Abstract. Hepatitis E, which is enterically transmitted, is the most common cause of acute hepatitis in much of Asia. Phylogenetic analysis of several isolates of hepatitis E virus (HEV) from Asia suggests that transmission of this virus is geographically restricted. In Sarghoda, Pakistan, HEV Sar-55 was isolated from a 1987 outbreak. It belongs to the Central-Asian cluster of the Asian sub-genotype. We now report the complete sequence of a second Pakistan HEV from a 1988 outbreak in Abbottabad. The Abbottabad nucleotide sequence was compared with 15 other complete HEV sequences using statistical methods of phylogenetic analysis. The analysis showed that Abbottabad HEV belongs to the South Asia cluster of the Asian sub-genotype. The sequence differences of the 2 Pakistan isolates recovered only one year apart suggest that HEV of 2 distinct origins circulate in Pakistan.
Hepatitis E is a waterborne disease transmitted to humans by the fecal-oral route and is caused by hepatitis E virus (HEV). Seroepidemiologic studies suggest that HEV is widely transmitted and that most adults in south Asia have been infected. 1 This virus has an RNA genome of approximately 7.5 kb. To date, 15 isolates, defined as HEV contained in a specific patient specimen, have been fully sequenced; together, they comprise 5 genotypes: genotype I (Asia-Africa), genotype II (United States), genotype III (Mexico), genotype IV (Beijing, China), and genotype V (European). [2] [3] [4] Genotype I is the most complex, having 2 sub-genotypes: African and Asian. The Asian sub-genotype, now represented by 11 isolates, consists of 2 genetic clusters: Central Asian and South Asia. The Central Asian cluster includes isolates from China (Xinjiang) and Pakistan (Sar-55); partially sequenced isolates from Kirgizia and Uzbekistan also belong to this cluster. The South Asian cluster includes isolates from Burma, India, and Nepal. 2, 5 Hepatitis E is very common in Pakistan. [6] [7] [8] Nevertheless, only a single isolate from Sargodha has been genomically and phenotypically characterized. 9 In this study, we report the full sequence of a second Pakistan HEV isolate from Abbottabad (Abb-2B), which is phylogenetically distinct from Sar-55, and speculate on their origins.
Fecal samples containing HEV from archived specimens collected during an outbreak investigation of hepatitis E in Abbottabad were provided by J. Ticehurst (Walter Reed Army Institute of Research). We determined the consensus sequence of HEV isolate Abb-2B (7,143 nucleotides) from cDNA using methods previously reported. 10, 11 We performed phylogenetic analysis of Abb-2B and all other full-length HEV genomes (n ϭ 15) in the GenBank database (Table 1) using PHYLIP and PAUP programs in GCG release 10.0 (University of Wisconsin, Madison, WI) as previously described. 2 Both methods of phylogenetic analysis placed the Abb-2B isolate in the South Asian cluster of genotype I, whereas Sar-55, the other Pakistan isolate, was placed in the Central Asia cluster of genotype I (Figure 1 ). The certainty of this difference is greater than 95%, as determined by 1,000 replicate bootstrap analysis. 12 The analyses suggest that Abb-2B (1988) is the earliest phylogenetic representative of a cluster of HEV that has been very successful, spreading across South Asia and causing disease in at least 4 countries for more than a decade (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) . In contrast, Sar-55 (1987) is a phylogenetically late derivative from the Central Asian cluster of HEV; during the same period (1986) (1987) (1988) , ancestral isolates from this cluster caused the largest outbreak of hepatitis E ever recorded, in the Xinjiang Autonomous Region of China. 13 These 2 Pakistani isolates were recovered 18 months apart in cities only 300 km from each other, but because they are so distinct they must have had separate origins. There are many examples of travelers importing HEV. [14] [15] [16] [17] [18] Dissemination of imported HEV is then determined by social and environmental factors. Since hepatitis E is endemic in Pakistan, these factors presumably favor dissemination of imported HEV. The geography of South Asia provides no barrier to movement of HEV from east to west; therefore, it is not surprising to find a South Asian HEV similar to Abb-2B in Pakistan. On the other hand, harsh geography makes travel from Central Asia south to Pakistan less frequent. We speculate that Sar-55 was an unusual introduction of HEV into Pakistan from China to the north, whereas Abb-2B represents HEV endemic throughout Pakistan. Sequence analysis of HEV isolates from old and new sporadic cases of hepatitis FIGURE 1. Bootstrap 50% majority rule consensus phylogenetic trees of hepatitis E virus (HEV) isolates based on complete genomes. The trees were generated from the PileUp alignment of 16 HEV sequences including the sequence reported in this study. Branch lengths are proportional to the evolutionary distance between sequences. The numbers represent bootstrap values (expressed as percentage of all trees) obtained from 1,000 replicates. Roman numerals identify genotypes (Ͼ15% non-identity), Arabic numbers identify sub-genotypes (Ͼ7.5% non-identity), and letters identify less different but distinct phylogenetic clusters within sub-genotypes. Since no full genome examples from Africa are available, this sub-genotype is absent from these trees. A, neighbor-joining analysis; the scale is percent of genetic distances. B, maximum parsimony analysis; the scale is number of evolutionary changes. E can address our speculation. Phylogenetic analysis promises to be a powerful epidemiologic tool.
